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<*WTRA«-»5W CENTER 



OFFIC!/' 



Docket No.: Z&PINFP0B190 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant 
Applic. No. 
Filed 



Giuseppe Carello et al- 

09/904,360 Confirmation No. 1413 

July 12, 2001 



Title : Process for Producing a Doped semiconductor 

Substrate 

Examiner : Igwe U. Anya 

Group Art Unit : 2825 

Dockiet No. : Z&PINFP08190 

Customer No. : 24131 

DBLARATION under 37 C.F.R, § 1,131 

The undersigned Giuseppe Curello and Jurgen Faul hereby declare: 

The invention of the above- identified application was 
*»conceived" and "reduced to practice" at least as early as July 

4, 2000. 

Enclosed/ as corroborating evidence is the Invention Disclosure 
lErflndungBmeXdung) filled-out and signed by the undersigned. 
The Invention Disclosure was executed by the undersigned on July 
6, 1999. The Invention Disclosure was given to the Siemens 
Patent Department on July 9, 1999. 



The undersigned declares that all statements made herein of 
their own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that 
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these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both/ under 18 U.S«C, § 1001 and such willful 
false statements may jeopardize the validity of the application 
or any patent issued thereon. 



Giuseppe Curello 



Date: / 2004 



J\irgen Paul 



Date: , 2004, 
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AktenzeiGhen der pa 

Datum der Ausf nigung: 



melde(n] hiermit die auf den fotgandon Geiten votlstandtg beschriebend Erfindung mit ddr Bezeichnung: 
"SOtx^V / CirtCo GOA^ GbtP^ii^cL Wing? ^^5u€: "^^feLvCi^TKjrJ 



An Vorgesetzten tfer/des ErTinderfs] 
Herm/Frau iS'^'^ftOL 



mit der 6i|te, die nachstshenden rrd§«n zu beantu^ortsn: 

a) Wartn glng cKe Erftridungsmeldun^ b6i Ihnen ein? 

b) Getit die Erfindung auf Off^tlich gdfQfderte Aiteitsn zurock? 
^nein FH ia. Vorhaben: ' 



) Gibt ed ein zugehOrigas Internes FuB-Projekt? 



Eingang am: 



Ni7 bei 2T-Erfindungen auszufOlten: 



Anspre^pfirtner 



6) AnmeidunQ wird empfbhten Dnetn jaCia 
Kosten trAgt (OrgaAtsstiofiseinhdlt): 



m Oie Erfindung botrlffl nteht unser tnteressengeblet Es sind noch fbigende 
Dtenststalton zu befrageri: 



PrdhUch-Schdtz' 

0 a Jut; 1999 



pie EffitidunasmeldunQ blttc an das Hefterat tdeonmanaQement watlartclten I 



li.b 



An dae 

Referat Ideonmanagennent 
ATP - Container t Raum: 306 

Dresdon 
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1 . Welches technlsche Pfoi>lem soli durch Ihre erfindung getost werdeo? 

2. Wie wurdQ dieses Problem btfi^er getosi? 

3. In welcher Wefse tost Ihre Erf^dung das angegebene technlsche Problem (geben Sle Vorteiie n)7 

4. Worin liegt der erflndet1$che BchrW 

5. Auef0hrung8beispiel(e) der Erflndung. 



6, Zur weiteren Eridutening sind aT$ Ariiagen belgefogt: 

A Blatt der Oarstetiimg eines Oder mehrerer Austohrungsbelspiele der Erfindung; 

_L (finis m«g»ch. ZeWwtunQBwan PomMM- aeor Ooifgw oi^ ow m wtMgtn) 

BlattxusdtzlichB Beschreibungen (z.B. Laborberichte. Vefsudisprotokolle); 

Btatt Ltteratur, die den Stand der Technik, von dem dfo Erfihdur^ ausgehl beschrelbt 
' sonetige Uniertagen frB. Oisketten, ^eeendere mitZetehnungen der AusfOhrungsb^spiete); 



^) e»aPolola^odv9»tdaflrttfto Alter 2fiieitanVM^ 
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1) Techniscbes Problem 

Over the past decad s ccnvcnti nai scaling of gate oxide thickness, sovxcc / drain extentloas, 
lutiction depth and gate lengths have enabled MOS transistor to be currcrtUy mass produced with 
gate dira«islons f 0,2^m and below. E>cperimetital and simulation data show that d^pite junction 
depdj scaling is still possible (to sonac extent), increased resistance mults in performance 
degradation so diai MOS transistor limits will likely bo reached for 0.13 >Mtt process technologies 

Because of these limita. it will not be possible to further improve short channel effects (SC^ and 
this will tcsuh in unaccetablc ofT-siate leakage currents. Because of this problems now device 
aichiteoturcs are being developed for continued transistor scaling. Among the other approaches^ 
the use of retrogadc channel doping profile (RCP) for suppressing SCE has been considered and 
experimentally demonstrated, 

2) Bisherjige Froblemlttsung 

The RCP Is typically created by using a slow diffusing dopant species such as As or Sb for PMOS 
and In for NMOS. Recent investigatlotts have shown that an ideal pulse shape doping profile 
(highly doped region sandwiched between two ttghty doped regions) would provide even better 
transistor performance in the deep*submicron)ctcr regime [2]. 

For NMOS the use of In (desired also to achieve low Vt NFET and better Vt control) has however 
been found have some di^culties blouse of segregation behaviour to the gate oxide and 
anomalous diffusion and deactivation [3] which will eventually degrade the origiiial retrograde 
implanted profile. In Dual Gate Oxide processes (used for example in latest cDKAM products) 
Nitrogen implant is normally used in order to reduce the oxidation rate in selective areas. This 
Nitrogen implant has also, been found to enhance the difihsion of In [EFK Internal 
oommunlcaiion] aggravating the problem. 

In order to fabricate a steep or pulse shape doping channel profile selective epitaxy of undoped Si 
by the use of UHV-CVD ^Jkra High Vacuum Chemical Vapour Deposition) performed fallowing 
channel iroplam has bcco investigated 14, 5} as well as ephaxy of P doped epitaxy [6]. Such 
epitaxy methods despite being able to achieve steeper doping profile than cooventional retrogade 
channels and in^roved transistor performance are not practical / mature for a volume pr othictton 
OTvlromcnt where high troughput and ropcatibility h mandatory. 

3) Neuer LOsungsansatz 

The novel method proposed here is to use sUndard Low Pressure^CVD for the deposition of on 
undoped thin (2(M0 nm) Poly/a *Si (Polyciystallinc or Amorphous Silicon) layer foUowing heavy 
ions retrogade channel implant. The Poly/a -Si deposition can be perfomned simultaneously for 
both NMOS and PMOS following patterned well and chatmel implants. The depositioo 
teinperature will determine die Poly grain size and low tomperatures (» 50O-55O C) arc pre&rat^e 
in order to achieve a very small average grain si2e or even better an amorphous 1^^. After Fofy/a 
*Si deposition^ two routes can be undertaken in order to restore the crystal quality of the channel 
and achieve a clean and planar cryml surface tor subsequent gate oxide growth: 

a) Ge^ post amorphlxation of the whole structure up to a depth (of alxnit 0.5 -1 pm) where 
end of range defects will be remote ttcm current paths followed by solid phase cfAwcy 
(SPB) by low temperature anneal (o 650 C) in order to epitaxialty regrow the amorphized 
layer up to the free surface [7], A wet etch process could be used to remove any sur&ce 
oxide fonned during such SPE and would also help in Improving the Silicon surfece 
quality before the subsequent gate oxidation process. The Ge+ implant is expected to 
destrxjy the very thin native oxide v^ich will probably be present at the interface between 
the deposited Poly/a -Si layer and the implanted substrate. Any residual oxide 
agglomerate is expected however not w bo critical since will be located at the periphery of 
the channel euftent path. 

b) RTA (Rapid Thermal Annealing) step performed to break the naive oxide interface layer 
(early mentioned) in sub-nanometer oxide beads while manteining the as implanted profile 
followed by by low tcmperamre anneal in order to epitaxially regrow the Poly/a -Si layer 
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up to the freo surface. Ttiis tAst process has abo been successfully demonstrated in bipolar 
transistor technology (S). Similarly to the method a) a wet et^ procesft fbUowiog the 
RTA step can be used f r improving th Silicon surface quality before th subsequent 
gate oxidation process. 

4) Erfindcriache^Schritt 

The proposed process approach described above is able to reproduce steep retrogade channel 
doping profttes requh^ for advanced CMOS. The complexity of Si epitaxy is avoided by the use 
of conventional.Lcw Pressure CVD in combination ^ith conventional ion implantation and 
theimal annealing and u e^q^ected to yield comparable performance to epitaxy structures while 
achieving much superior acceptance in volume production envtroments. 
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Ausfilhrungsbeispielo 
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